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+ǮɅBŊ")(> -ňɾƀBȌ'mbW,ȑ[Wilmut et al., 1997]










 ɣĸRjy DNA 9mXe+*-^lPɛ<Ɯś?>Pw`-
Ýĝǥ4".Ɯɩǥ+³ʛ,;>ɲ¤ěǣǒÐŋƠƜ-ĜĄǮ<?>;,+
%'" [Reik and Walter, 2001]-;+ÐŋBJoWIicFPX
ʣepigeneticsʤ)ɉǣǖɭǶ(ǱǺ?-ĔƝ+wP,ƫ%'ɲ¤ěǣ
ǒɂʊ,Ðŋ?'>úʘ,>ÍƉȥ9ǖƦȊȦǣǖ(.-J
oWIicFPX_GgxaP,ĒÝ>)Ǯ<?'>[Hackett et al., 
2012; Sasaki and Matsui, 2008; Surani et al., 2007]ǋ,wHX.ɲ¤ǥ,ȇÝ
"ɣȅ9ɲ¤ěŰĒȅȏ-ĜĄĔƝ+ɈƑb?4(,ȷǸ?'
"Ɲ	+ǮɅ+*-ǔǙ,;=JoWIicFPXǯǹ,ĺǘ<?'=
X Ɠȵ¨ƱŒÝƠƜ[Augui et al., 2011]Óɥ-RjyrQxQ
[Buganim et al., 2013; Zhou and Dean, 2014]ɲ¤ěǞŔ9Ǣ+*-ǣǠƠƜ













































                                                         
 
2.1. Ȕɉ  
 
 ƖǵƘPŢȼ.ÆǖàǡǖǉɁÔ-ªśǚǗǷ-±Ĝ+*Ɲ	
+Êɺ(ŏǘƉŇ?>[Meissner and Jaenisch, 2006; Niemann and  Lucas-Hahn, 
2012]ƖǵƘ-ŢȼǥɄÿ;0ǖǉĝǥɄÿ,;=Pȥ-ǣǖȧ9Ǘ
-·ļǍŗ,Ɲ	+ńʑB>)?4(-ǯǹ(ž<,?'"
[Inoue et al., 2003; Oback and Wells, 2002; Ogura et al., 2013]?<-Ʉÿ-(8
fgȊȦ-Ƿʘ.ɹɄ+Ʉÿ-&)'ȟ<?'=4"ƖǵƘŢȼ-
ÛǑŰý,ð"ĩɘ)'ɾǯǹ?'"[Inoue et al., 2003; Oback and 











- F1Ǘ-ªÈ.ċó?'>[Wakayama et al., 2008]ƋƗȺǓȊȦƖ<
ǩŬPwHXBªÈ"ċó.3)C*+?'+ƋƗȺǓȊȦ(
.+lȀ[Hochedkinger et al., 2002]ʟʠ[Sung et al., 2006];0ȡȰ






2.2. ƍŷ)źƭ  
 
% 
 B6D2F1ʣC57BL/6  DBA/2ʊǷʤʉwHXʣŽƌJXJVƕľ£ǳʤ
Bfg´¨)'ÏǘåȊȦ;0ƋƗȺǓȊȦBŊ"ƋƗȺǓȊȦ

















 ƋƗȺ.slSeMXǿʣDrummond Scientific CompanyʤBǘ'Į
ʎȨ<ūê"ūê"Ⱥƴ. 0.1M EDTAʣ1020 µlʤBƶÙ" 1.5 ml`
}q,ǵɜȺǓƿɈkapDʣ155 mM NH4Cl, 10 mM KHCO3, 2 mM 
EDTA, pH 7.2ʤ(ÇǔɯōÊʋʣ1200g, 5Êʤ,;%' 3þưƳ"ɯ
ōÊʋňȺǓȊȦ-taeʣǤȺǓ)ƿɈ?"ɜȺǓƥƺBñ6ʤ.Hepes
ȕȽ KSOMĉąʣHepes-buffered potassium simplex-optimized medium [Lawitts and 
Biggers, 1993]ʤBǘ'Śǂ-Śǂƴ,ñ4?>ǤȺǓBƖǵƘǘfg
ȊȦ)'¬ǘ"ȺǓȊȦŚǂƴBlǓǋǜǥȹ¿ƞɗP`












 żċ-źƭ,;%'ƖǵƘBġŻ[Inoue et al., 2003; Kishigami et al., 2006; 
Wakayama et al., 1998]¡Ȃǀ,Ɍɥ>B6D2F1ʉwHX-ȬȪÄ,HwȎ
ƩŒŒȭÑǁu{ʣPMSGʧJȸøƕľ£ǳʤ7.5 IUBŤ - 46
52ƀʀň,meȎƩŒŒȭÑǁu{ʣhCGʧɁȸƕľ£ǳʤ7.5 IUB
Ť1417ƀʀň,åǿȯĕɴ<ƊëȄåBþé"þé"åěå




'ʅƖåě,ƯÂ"ƯÂ"åě. KSOMĉą(ĉʜ"ň2.5 mM SrCl2 
5 µg/ml TGeLV B and 50 nM eSX^` AʣTSAʧSigma- Aldrichʤ
ƶÙKSOMĉą(Ȇ1ƀʀĉʜ"ȑ'5 µg/mlTGeLVB50 nM TSA
ƶÙ KSOMĉą(Ȇ 5ƀʀĉʜ"ň50 nM TSAƶÙ KSOMĉą(Ȇ 2ƀʀ







ʣsiRNAƯÂʤB«ǘ"[Matoba et al., 2011]PȥB SrCl2(ƱŒÝ"












ƙÈ,.żċ-źƭ,ŉ%"[Rohatgi et al., 2008]w`raPX PCRƭ


















ȦʣǤȺǓʤŚǂƴ-ɴB 10% vnhofƶÙ HepesȕȽ KSOM
ĉąʣ34 µlʤ,Ƶ"ƯÂǘotaeBǘ"fgȊȦ-ɱŦ,'
ĭ+)8 510´-ȊȦBɇħ>"7200µ(ɇħ>ŎɄ%"ʣ10
µŬǬY) 20µĩǉY-ȋ5îAʤɇħ-ȍƒƅ§(8Ȇ 1015 
µl-Ⱥƴɻ?/ƖǵƘBġŻ>"7áÊ(>)Ê%";%'
·ļ¨-ś¨wHX<.Ȇ 3045 µlȞʢ8.TGY-ĬwHX´¨














")@ś¨4(śɾ" ?<.ȗƦȧ×BƇ ?!? 14Ɔ) 16
Ɔ¡ǖĜ")BǱɒ" 
 lǓǙƐPwHX.ÆƜś DNAɵÌBƇ'>"7fg´
¨-RjyŕċBğÃ,PhQ'<[Hochedlinger et al., 2002; Inoue 






ʣFITC-ƞɗ PWMʤ.lǓ-$ TȊȦ(.+ BȊȦ-5Bƞɗ>
)ž<)+%"ʣĂ 2ʤȑ'ǤȺǓ-ȊȦTGY,;%'ǤȺǓǷB
ɗÎìȧɔ2"ʕȃǓãǓBȊȦslTȊȦʣCD4+ʤ;0N
TȊȦʣCD8+ʤ ?!?B FACS,;%'ÊêʗŌɽ( ?!?-ȊȦ
TGYBɊƻ")@ãǓ;0ʕȃǓ.lǓ;=8ƇŖ,ĕ)
Ê%"ʣPʨ0.05ʤʣĂ. 1DʤŌÊķƸʗŌɽ(ɇħ>)wHXƋƗ


























































ƖǵƘfgȊȦ-ȊȦȮğÃ,ǰĐ?'>ìȧŒ[Miki et al., 2004]
)ƖǵƘVoJeåě,ʕȃǓ-ÊƬĬȦƇĤ+ńʑB'>ì


















ȥǣǖƣĵ,ɫȻ>[Kato et al., 1998]źwHX(.åȊȦ







































,;=RjyÍƉÝȧðǗǑĿ<?'"[Kishigami et al., 
2006; Matoba et al.,2011]XistjaP_Hƭ.ʇ´¨-PhQ,.ʏĵ,
Ûƒ>ʉ1-Ûƒ.§)ċó?'>[Matoba et al., 2011; 



















































5&nM& 306& 50&(16.3)& 101&(33.0)a& 155&(50.7)a& 138& 28&(20.3)a& 5&(3.6)& 0&(0)&
#%=,7<D
50&nM& 164& 13&(7.9)& 44&(26.8)a& 107&(65.2)b& 98& 26&(26.5)a& 2&(2.0)& 0&(0)&



















B5,D 527& 44&(8.3)& 119&(22.6)a& 364&(69.1)a& 283&(77.7)a& 283& 112&(39.6)& 6&(2.1)& 5&(1.8)&
fhd,D 327& 5&(1.5)& 30&(9.2)b& 292&(89.3)b& 197&(67.5)b& 180& 69&(38.3)& 3&(1.7)& 4&(2.2)&



















Oct4@GFP& 574& 41&(7.1)& 123&(21.4)& 410&(71.4)& 247*& 78&(31.6)& 3&(1.2)& 3&(1.2)&
Dppa3@Venus& 362& 43&(11.9)& 70&(19.3)& 249&(68.8)& 249& 69&(27.7)& 2**&(0.8)& 2&(0.8)&
129xB6@P& 103& 14&(13.6)& 17&(16.5)& 72&(69.9)& 72& 23&(31.9)& 1&(1.4)& 3&(4.2)&
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% ( D D













+D D & 17<& 27<& +D
0& 21& 0&(0)& 21&(100)& 0&(0)& & 0&(0)& 4&(19.1)& 17&(80.9)& & 0&(0)& 0&(0)& 21&(100)&
1& 29& 18&(62.1)& 11&(37.9)& 0&(0)& & 18&(62.1)& 7&(24.1)& 4&(13.8)& & 3&(10.3)& 16&(55.2)& 10&(34.5)&




î 1. ŶǑŸ`aǨǽ'ƵŪŷȍƱǨǽ(ȦŖ7+(ƪĸ  
A)  sDUęɄ8(ŪŷȍŌÝęɄ(¸Ǚ>ÅɎJyUǞ>Ƶ"ǥ 15
45 µl(ȍƕ>ŌÝB) ȮȍƱƝțf\k@#ÂƲĬ(ŪŷȍƱǨǽ





























m{ 8911ƺ)ȑ 2'Ǐ 3Ó(zgƱƶŮM}ƴ(ǻǃ'ǆħ
:Qm{ 10ƺ)ƻ&:zgƱM}Đɩ'ƶŮ:4(#:Qm
{ 234ƺ( ntESǨǽ) BǨǽƶŮ#:$ǎȢ;PɯrT]Bl








ǎǗ' "  
                                                         
 

















;:[Hajkova et al., 2002; Lee et al., 2002](Ĭəɘ;;(ƳƆǨǽǀ
Ƴ'Cmz_ȞĿɭprimary imprintɮƪď(ŲȈ ɡô'Ë0;Ǽǀ
Ƴ'"ǣĉ5Øĉ'ÞǮ;"[Kaneko-Ishino et al., 2003; Reik and 
Walter, 2001; Sasaki and Matsui, 2008]Cmz_Ƀĉ)Odu'yZu
')ċðƪď(ŲȈ ɡô¿#MyUY>ĨŁ:²äȚĔ;:
[Barlow and Bartolomei; 2014]áMyUY)ěƂǂv[{Òɡôɭdifferentially 
methylated regionɰDMRɮ(7	&Cmz]BNÊįɡô ɭimprinting control 
regionɰICRɮ'7"Êį;"9ĸƪƻǂ'Ʌ¯ĉĨŁ;:Ⱦǒ#
























3[Inoue et al., 2002]ƳƆǨǽŶƶŮM}ǻ)`aǨǽ(Cmz
_ƫĽ>ÜŢ":$Ũī#:(ŶǑŸƶŮǻɭ:)ÀŽǠ
Øɮ>Ƶśƍ)PGCǀƳŨ'Ƴ:Cmz_ƔÚ(țŠ[Lee et al., 
2002]5Øĉ':ƈĸCmz_ǎǗ(țŠ[Obata and Kono, 2002]'£Ƶ
;"ãž'Cmz_ó XŲȈ ƑÒ>48Cmz_(
ǎǗ7+ƔÚ(YCtN)ž&ǀƳU]T(ƳƆǨǽ>`aǨǽ$
ŶǑŸƶŮǼ>țů:$'79Š8';":[Oikawa et al., 2014]
Cmz_(ƔÚ' ")PGCƶŮM}ǻ(Cmz_Ƀĉǀ
ư>ȡǨ'țů:$'79Š8';[Lee et al., 2002]ǻɬ 10.5Ş8
11.5Ş0#'Cmz_Ƀĉƃǎ'Êį;:$'7"Cmz
_(ƔÚĎ:[Lee et al., 2002]ƈĸCmz_ǎǗ' ")ƚŕ
ÄȒÌŨ( GVɭgerminal vesicleɮŨ#ŁɍŨØƶŮ7+ŁɍØƶŮ¬ O
du(ŶǑŸ'79¡ŁÕƢǀƳǼɭǻɮ>țů:łƹƵ8;"




Š8';[Obata and Kono, 2002]"ƌď;:-ƅ":
ȥɣ)sDU'"ÃƳÌ(ÌǣÙǨǽɭprospermatogoniaɮǀƳ'Ď
:$Ƿ
8;":[Sasaki and Matsui, 2008]ƧĸCmz_(ǎǗgY
>ȡǨ'țů:$#:;0#ǌǕ;":ɓ9#)ƧĸCmz




























KSOMõñ 3 µl' 12«(ƳƆȂ>¼;űɊ#.7	'Ġ:$
#õñ'Ǩǽ>ƘÏũŁƥW{_zǨǽ)(129JF1)F1ƶŮ P3.5(
ŚƳɘsDU8ŌÝ[Ogura et al., 2000]ǡƞ'Ȟȷ:$0.1 
mg/ml collagenaseɭSigma-Aldrichɮ7+ 0.01 mg/ml DNaseɭSigma-AldrichɮƘÏ
zɆǳȐƳƲɦùƊɭphosphate-buffered salineɰPBSɮ>Ƶ"ǣǨǞ> 30Ä
37°C#ÂƲ(Ĭ0.2 mg/ml _zmSɭSigma-AldrichɮƘÏ PBS>Ƶ
" 5Ä37°C#ÂƲÂƲ>ǩ
Ǩǽ> 4 mg/ml DSȍƙA{lt




Þ: DMRɭprimary DMRɮ(ȑ$" IG-DMRÞǣĬ'v[{Ò>Þ:









 ŝ÷(śƍ'7"ŶǑŸ>ĐŜ[Inoue et al., 2003; Kishigami et al., 2006; 








 á DNAQm{' 10 M ǍɆƊǦa_zDuƝƕ>ťǩƠĢ 9 M'&:
7	'Ɨâ[Shiraishi et al., 2004]98°C# DNA>ƦüŁ70°C#CKx
o_ɭfCQ{k@C_ÂƲɮfCQ{k@C_ÂƲ DNA(ǿU
{qÒ7+ǣȔ) bisulfite DNA purification kitɭZymo Researchɮ>Ƶ"Ȏ
PCR'7"Ǆǂɡô(ûĞ>ȎĬûĞ DNA> pGEM T-Easy 
vector ɭPromegaɮ#M}bNÿȁȉ DH5αPj]_W{'Ĩȭȴ








 _Y{ RNA) E9.5ǻ8 Isogenɭb\rTɮ>Ƶ"ŉÃ
ǆȓǂ DNAɭcomplementary DNAɰcDNAɮ)oligo(dT)myCs$ SuperScript 
III reverse transcriptase ɭInvitrogenɮ>£Ƶ"1 µg(_Y{ RNA8âŁ
cDNA(ďɉ)QuantiTect SYBR Green PCR kitsɭQiagenɮ$ ABI Prism 
7900HT sequence detection systemɭLife Technologiesɮ>Ƶ"Ȏ3Ǔɥ(Ƨ
ĸǀưɃĉɭpaternally expressed geneɰPegɮ$ 2Ǔɥ(ƈĸǀưɃĉɭmaternally 
expressed geneɰMegɮ>å27Ǔɥ(Cmz_Ƀĉ>ƧĸCmz_ 2
ɡô7+ƈĸCmz_ 2ɡô8ɂň'ǀưțů'¥C
mz_Ƀĉ>ȞɯIgf2 ɭ7ƺŲȈ ɀɄɮH19 ɭ7ƺŲȈ ɀɄɮ 













ȷ(śƍ# cDNA(âŁ>Ȏ50 ng cDNA)Ex Taq Hot Start versionɭYI
yfCHŵĤǐɮ$ Rasgrf14) Actbɭβ-cactinɮ'Ė:myCs>Ƶ



































ů 4Qm{(	 1Qm{v[{Ò>ȚĔ;4((ɭî 7A, #9ɮ
ÿɄÄ(Qm{)ɝv[{ÒƫĽ>Ǐɭî 7A, #19ɮE16.5ÌǣÙǨǽ
ƶŮM}ǻ( 4Qm{#4ɝv[{ÒƫĽ>ȚĔɭî 3A, #1114ɮ
#15)ɏǂv[{ÒƫĽ>#167+ 17)ɭƪ'ƈĸA|{#(ɮɪv[{
ÒƫĽȚĔ;E17.5ÌǣÙǨǽƶŮM}ǻ 2Qm{ɭî 3A, #18
7+ 19ɮ)A|{#Ď½&v[{ÒƫĽ>Ǐ8IG-DMR(
v[{Ò) E16.5#ɎąE17.5#Ď:$Ä 










 Rasgrf1 DMR) E15.57+ E16.5ÌǣÙǨǽƶŮM}ǻ#ȫ"









ɇƉȵŹďɭScheffe( FŹďɮ(ǬŰE15.5$ E17.5ɏ7+ E16.5$ E17.5
ɏ#ŦļěǎȢÃŮɭȑ 7ɮ 







 8'Gtl2 DMR( DNAv[{ÒƫĽ(țů>Ȏsecondary DMR$
"Ǌ8;: Gtl2 DMR)primary DMR#: IG-DMR$ãɡôɭDlk1Gtl2
ɡôɮ'ċð [Nowak et al., 2011; Sato et al., 2011];8(v[{ÒƫĽ>Ɖ
ȵ:$#v[{ÒƮĮm}WU(ɐ¨>ȚĔ:$ßǾ#:(
ǬŰÌǣÙǨǽƶŮM}ǻ( Gtl2 DMRv[{ÒƫĽ)öūǂ'
IG-DMR$ɥ"ɭî 11AɮĐɗ'IG-DMR$ Gtl2 DMR(ɏ')ɪ









#Peg#: Dlk1794Meg#: Gtl27+ Rian(¶&ǀư>ȚĔ
ɭî 7B, #110ɮãž(ǀưgY)Cmz_ƔĀ": E12.5
4) E13.5PGCƶŮM}ǻ#4ȚĔ;$÷ç;":3













 H19 DMR'7"Êį;": H19ɭMegɮ$ Igf2ɭPegɮ' "4ǀư
țů>ȎE15.5ÌǣÙǨǽƶŮM}ǻ);4Meg¶(ǀư
gY#ɭ^kG{_óǀưgY[Lee et al., 2002]ɮɭî 8BɮE16.5
ÌǣÙǨǽƶŮM}ǻ'")IG-DMR'ċð:Ƀĉ$ãž'
þž&ǀưgY>ǏIG-DMR¿(Ƀĉ$)ƻ&9H19$
Igf2(ǀưgY)ĝ' H19 DMR( DNAv[{ÒƫĽ$ȅ&$
ȚĔ;¤
*#137+#16) Igf2¶&ɭ4)Ď½&ɮǀưgY
>Ǐɭî 8BɮH19 DMR( DNAv[{ÒƫĽ$ȅ&ɭî 8Aɮ
ɭ#17(ǀưƫĽ4;0#(ǬŰ8Ɂħ'ƛ;:Ìȷ(Ʋƶ#H19 
DMR(v[{ÒǎȢÃŮ&ɮE17.57+ P0.5ÌǣÙǨǽƶŮM}






 E9.5ǻ( Rasgrf1' "Ł ɘsDU(Ȁ>rT]BlP_}{$
"Ǹȃ>cJ]BlP_}{$"£ƵRT-PCR>ĐŜ[Plass et 














"[Hiura et al., 2007]ĖƤǂ'IG-DMRɡô¿'ċð: secondary DMR
( Gtl2 DMR)%(U]T#4v[{ÒƫĽ>Ǐɭɱ12%ɮɭî 13ɮ
(ǬŰ>ÌǣÙǨǽƶŮM}ƴ( IG-DMR7+ Gtl2 DMR( DNA
v[{Òțů(ǬŰ$¾'Ƿľ:$Gtl2 DMR)ƳƆǨǽǀƳ#)&
ÞǣĬ'v[{Ò>ƮĮ:$>Ǐŝ÷(ǬŰ$ȅ":[Nowak et 











ÒŠ8';"ɭE14.5ɯH19 DMR [Davis et al., 2000]E15.5ɯIG-DMR







( DNAv[{ÒƫĽ(ǬŰɭî 13ɮ)ŝ÷(ǬŰ$ȅ":[Henckel et al., 
2012; Hiura et al., 2007]Danis8'7:÷ç#)E14.5ɒ'Cmz

























Rasgrf1 DMR(Cmz_ǎǗ(vIbVu) (ơ# IG-DMR4
) H19 DMR$ƻ&:$¸ȎǌǕ'79Ǌ8;":Rasgrf1 DMR(
DNAv[{Ò')Dnmt3A#& Dnmt3b4Ĵɠ#8' piRNA
ɭPiwi-interacting RNAɮǫȱ4ĴȖ#:$÷ç;":[Kato et al., 2007; 
Watanabe et al., 2011]8'h_'")IG-DMR7+ H19 DMR)ċ
ǚ 3ǘ 
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7+ Igf2(ǀưgY) (Qm{# H19 DMR(v[{ÒgY
$ŖâH19 DMR(v[{ÒƫĽ#)ȤŠ:$ÃŮ&

















{#);8 DMR)v[{Ò;":[Constancia et al., 2000; Murrell et al., 
2001]DMR1>Ɓő:$ǼȊǪǴ'" H19 DMR(v[{ÒƫĽ'





 Cmz]BNɡô¿( DMR') 2Ǔɥċð:$Ǌ8;":
primary DMR)'ƳƆǨǽǀƳ'ěƂǂ'v[{Ò>Þ:ɡô#
secondary DMR)ÞǣĬ'v[{Ò>Þ:ɡô#:h_7+sDU#)
Gtl2 DMRɭMeg3 DMR$4é*;:ɮ secondary DMRǌǕ(3'ť4Ġɂ
ň;":sDU'"ɘĸƳƆǨǽǀƳ( Gtl2 DMR)v[{Ò>
Þ&$ǎȢ;"9[Nowak et al., 2011; Sato et al., 2011]ūǌǕ'
"4E15.58 E17.5(ÌǣÙǨǽȄȲ( Gtl2 DMR)v[{Ò;&$>
ǎȢɭî 13ɮsDU Gtl2 DMR(ƧĸA|{)E3.58 E6.5( Ǩǽ






IG-DMR$ Gtl2 DMR(v[{Ò|o{)ɪĢ'ǆɐ":$#:ɭr = 
0.97; Pɱ1.82107ɮɭî 11Bɮ($)h_':ƽĹ#MEG3 DMR
(ıėƁĀSU' IG-DMR(v[{ÒƫĽ'ɪ¦ċ:Ǌȗ$ȅ":
[Kagami et al., 2010]Okae8'7:÷ç#4 ǨǽƶŮM}ƴ( IG-DMR
$ Gtl2 DMR(v[{ÒɪĢ'ǆɐ":$Ǐ;":[Okae et al., 
2013]ɃĉYO]BN'7:ǌǕ8Š8';"":7	'
Gtl2 DMR(v[{Ò)Ę&$4āĈŨĬ' Gtl2(Cmz_ǀư>4
8[Sekita et al., 2006; Steshina et al., 2006]>0$3:$IG-DMR'7"
Gtl2 DMR)Ƈɖǂ'ɭɖĚǂ'ɮÊį;"9;'7" Gtl2(Cm
z_ǀư©ȟ;":ßǾĸɪ 










































 ' Forward# Reverse#
Dlk1% $ >@+=3>' TTACCGGGGTTCCTTAGAGC% TGCATTAATAGGGAGGAAGGG%
Gtl2% $ >@+=3>' TTGCACATTTCCTGTGGGAC% AAGCACCATGAGCCACTAGG%
Rian% $ >@+=3>' TCGAGACACAAGAGGACTGC% ATTGGAAGTCTGAGCCATGG%
H19% $ >@+=3>' TTGCACTAAGTCGATTGCACT% GGAACTGCTTCCAGACTAGGC%
Igf2% $ >@+=3>' CTAAGACTTGGATCCCAGAACC% GTTCTTCTCCTTGGGTTCTTTC%
Rasgrf1% $ =3>' GGCTCATGATGAATGCCTTT% TACAGAAGCTTGGCGTTGTG% %
Peg3% $ >@+=3>' TAAGCAATACGGGCAGCCT% CCAACAAACTTCTGGTAACGC%
Igf2r% $ >@+=3>' TAGTTGCAGCTCTTTGCACG% ACAGCTCAAACCTGAAGCG%
Actb%(β<actin)% $ >@+=3>' AAGTGTGACGTTGACATCCG% GATCCACATCTGCTGGAAGG%
IG'DMR% YNQ[ZMNVR]PO\T' GGTTTGGTATATATGGATGTATTGTAATATAGG% ATAAAACACCAAATCTATACCAAAATATACC%
H19%DMR% YNQ[ZMNVR]PO\T' GGAATATTTGTGTTTTTGGAGGG% TTAAACCCCAACCTCTACTTTTATAAC%
Rasgrf1%DMR% YNQ[ZMNVR]PO\T' GGTGTAGAATATGGGGTTGTTTTATATTGT% CAATATAAAACAAAAACAACAATAATAACT%
Peg3%DMR% YNQ[ZMNVR]PO\T' TTGATAATAGTAGTTTGATTGGTAGGGTGT% ATCTACAACCTTATCAATTACCCTTAAAAA%
Gtl2%DMR% YNQ[ZMNVR]PO\T' GGATTAGTTTTTTTGTGTTAAGTTTTAGAG% TAAAAACTATCACCCCCACATAAAATACCC%
1 30 
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' 	)(*' 51,0 )(*'
5.0,0' 129F96.% 208% 187%(89.9)% 175% 54%(30.9)% 11%(6.3)%
E16.5% C57BL/6F96.% 326% 298%(91.4)% 270% 79%(29.3)% 2%(0.7)%
' 129F96.% 390% 338%(86.7)% 327% 114%(34.9)% 6%(1.8)%
E17.5% 129F96.% 152% 144%(94.7)% 100% 81%(81.0)% 2%(2.0)%




6 7.# !2#35 DMR DNA"/+%&9 #
#!'




E15.5 vs. E16.5  E15.5 vs. E17.5  E16.5 vs. E17.5  
87+4:>' <%0.005% IG' <%0.005% <%0.005%
'4:> <%0.05% IG' <%0.05% <%0.05%


































©Ć 57 µm+nDKwglZ^&óĸ*gZKBZi&!C) ŷŕƴ
Ɲư?ÑglZ^&gZKBZi;'ƝưĢ$ŮŶƁ)·Ē+!5*g













Û 7. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; IG-DMR
























Û 8. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; H19 
DMR+ DNAqYuÀų(A)8. H198. Igf2+ƀŴǱ(B) 
Ɩ 3Ɣ 
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N.A. = not analyzedB) H19 DMR+qYuÀeWzx9Ĕ<!Ǥ:E15.5












Û 9. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; Rasgrf1 





A) E15.58. E16.5źŁKwzxƮ(IG-DMR8. H19 DMR&ȉqYuÀ
?ƍ!Oxiu(#16)?Ó4(Û7A8.8A))&{ǒ!ǿqYuÀŰė?ƍ
!E17.5źŁKwzxƮ,ì§*qYuÀŰė?ƍ!N.A. = not analyzed
B) E9.5Ʈ7ĚƞƦ*; Rasgrf1+ƀŴǅł (129xJF1)F1źŁ IVFźŁ
E9.5Ʈ8.Ěǻ+Ƴ7Ƭƶ+ RNA*$
% RT-PCR?ïĵ!Rasgrf1









Û 10. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; Peg3 

























Û 11.  
 
Û 11. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; Gtl2 
DMR+ DNAqYuÀǅł(A)Gtl2 DMR ' IG-DMRǵ+ƆǶ¯ł(B)







A) Gtl2 DMR +qYuÀvku, IG-DMR 'ȉā*ƆǶ%
!N.A. = not 
analyzedB) E16.5¶ƚÈƝưźŁKwzxƮ+ IG-DMR' Gtl2 DMRǵ+qY
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ßÔ<![Mashiko et al., 20014; Wang et al., 2013]f^ U6mtqszU III





































































;[Oikawa et al., 2014] 
 9*ƝưKwzxƯ*fR^xƲBTYuÀǯƜǷñ¸ȋHDACiȌ?
Ź;'KwzxƯ+ƀŷųÒ|;'Ɖ9<%
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